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October 22, 1999

Janet Woodcock, MD .
Director, Center for Drug Evaluation - N,
and Research

Food and Drug Administration

Rockville, MD 20857

Re: Docket No. 98P-0145

Dear Dr. Woodcock:

This is in response to your letter of today's date, addressed to Dr. Chen,
responding to the referenced Citizen's Petition we filed on February 26, 1998 and
the supplement thereof filed September 9, 1998. While we have not had the
opportunity to fully consider the comments in your letter, the following was
immediately evident:

e The Andrx ANDA data referred to in page 8 of your letter was for our Dilacor
XR® submission (ANDA 74-852), and not our ANDA for a bioequivalent
version of Cardizem® CD (ANDA 74-752).

e Your letter appears to place the burden of establishing medical significance
on persons other than the ANDA applicant, which is contrary to your
‘regulation, and may be impossible to obtain due to the unavailability of the
ANDA product for testing purposes. As a result, our July 15, 1998 letter to
your office (referencing the Citizen Petition) stated that Andrx would provide a
supply of our Cardizem CD product and even underwrite the cost to perform
the tests requested by your response. Andrx remains willing to undertake this
commitment.

« Your letter on page 10 and 11 invites Andrx or others to submit additional
data that establishes the medical significance of the matters discussed in our
Citizen Petition. While Andrx has already provided this test data, there is no
mention of that data in vour letter. Specifically, our September 15, 1999 letter
(referencing the Citizen Petition), a copy of which is attached, referred to a
study performed by or for Forest Laboratories — Biovail's licensee for its
Tiazac® product — establishing that significance. Moreover, we today
received a copy of the October 1999 edition of the American Journal of
Hypertension that elaborates upon that test data and again concludes that the

study demonstrates a “close dependency of the hemodynamic effects of
QOQP“”‘O’/VS/ A . LCWT&
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clinical disparities produced by different formulations f this hypertensive
agent” (copy attached). Lastly, the October 1, 1999 letter from Robert W.
Piepho, Ph.D., of the University of Missouri — Kansas City School of
Pharmacy that refers to yet additional test data on this subject (copy
attached). With the exception of the article, the data requested by your letter
was already submitted. Yet, there was no reference or apparent
consideration given to this data by FDA'.

As we believe there were a significant amount of material errors or omissions
involved with the formulation of your response, we request FDA's immediate
attention to and reconsideration of this matter.

! We also note the apparent ethical and possibly legal problems arising out of the fact that

Andrx was required to provide test data which Biovail must have known about, yet failed to
disclose to FDA conceming this matter. .

AN
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PHARMACEUTICALS, INC.

September 15, 1999

Dr. Janet Woodcock, Director

Center for Drug Evaluation and Research
Food and Drug Administration

Document Management Branch (HFA-305)
12420 Parklawn Drive, Room 1-23
Rockville, Maryland 20857

RE: Citizen Petition Docket Number 98-0145

Dear Dr. Woodcock:

- FDA is still reviewing and analyzing the issues raised by the referenced Citizen Petition

that Andrx Pharmaceuticals, Inc. (*Andrx”) filed on February 26, 1998 (the “Petition”). The
Petition reflects Andrx’ position that, where a reference listed drug manifests a distinct and
conrtrolled two-peak pharmacokinetic profile and there is a correlation between that profile and
the observed pharmacodynamic effect, a potential ANDA product should manifest 2 similar
PK/PD correlation. If the ANDA product fails to match that pharmacokinetic profile, it is the
ANDA sponsor’s responsibility to provide data thar establishes that (i) the failure to match the
two-peak profile is intentional, (ii) such match is not essential to safe and effective use of the
drug, and (iii) such a match is medically insignificant to generic substitution for the reference

~ drug product. See 54 Fed. Reg. at 28882 (1989).

To further clarify some of the issues involved, attached hereto as Exhibit A is a summary
of a scientific study that clearly refutes certain comments filed in response to the Petition (the
“Srudy™). The results of this Sady, while only recently discovered by Andrx, were presented at
the American Society of Hypertension, Twelfth Scientific Meeting Exposition, May 27-31, 1997,
in San Francisco, California and, as evidenced by the press release attached hereto as Exhibit B,
was used by Forest Laboratories, Inc. (“Forest”) in the marketing of Tiazac®, an extended release
diltiazem product manufactured by Biovail Corporation International (“Biovail”).

The stated objective of the Study was “to derermine (whether the] pharmacokinetic
differences [between Tiazac® and Cardizem® CD, two extended release diltiazem drugs] resulted
in appreciable pharmacodynamic differences.” The Study concludes as follows:

-~
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“These data demonstrate that administering the same dose of diltiazem with
different release systems and pharmacokinetic profiles results in
corresponding clinically important pharmacodynamic differences. The Tiazac
release system produced greater and more consistent blood pressure reduction over

the 24-hour monitoring period than occurred with Cardizem® CD.” (emphasis
added).

The Study clearly supports Andrx’ argument - and the Petition - that (1) a specific
discernable PK/PD correlation exists for Cardizem® CD, and (2) this correlation is “clinically
important™'. The Study also contradicts the arguments of Biovail and others who opposed the

Petition that the pharmacodynamic effect observed for Cardizem® CD is meaningless or not
clinically significant. - '

Tiazac®, Cardizem® CD, Dilacor® XR and various other products FDA has previously
approved as bioequivalent versions of Cardizem® CD and Dilacor® XR, are all extended
release diltiazem products that are presently (or soon will be} marketed in the US?. Forest
chose to promote the significance of the Study and its conclusions as part of its effort to
position Tiazac®, which it licensed from Biovail, vis-a-vis Cardizem® CD in that marketplace.
In contrast, Biovail submitted positions in opposition to the Petition without ever referring to
the Study. Since the Study provides compelling clinical evidence refuting Biovail's positions in
opposition to the Petition, we view Biovail’s opposition papers as highly suspect’.

JJSION:

For all of the reasons previously set forth in the Petition and in Andrx’ responses dated
September 9, 1998 (Docket C-7), September 16, 1998 (Docket C-7A) and July 15, 1999 (Docket
C-14), Andrx requests that FDA clarify the bioequivalence guidance and withhold approval of any

pending and future ANDAs, unless the ANDA sponsor makes the necessary substanuating
demonstrations.

1 - Andrx has not reccived a copy of the complcte Study, and therefore can not express any thoughts on its
additional conclusion that “the Tiazac release system produced greater and more consistent blood pressuce reduction
over the 24-hour monitoring period than occurred with Cardizem® CD.” :

2 On January 26, 1998, the FDA Director. Division of Cardio-Renal Drug Products, issucd a memorandum
veferving to the clinical data that cstablished some of these and other diltiazem products to be safc and cfficacious
(the criteria for an NDA approval), but states that this data is not sufficient to allow them to be approved as
bioequivajent to Cardizem ® CD. Exhibit C.

3 Instead, Biovail has essentially argucd that it is the responsibility of Andrx, and not the ANDA sponsor, (0
provide additional data thzt supports the positions set forth in the Perition.

—
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In the case of Cardizem® CD, for all of the medical reasons set forth in the letters from
Drs. White, Pim, Jusko and Soiomon (Dockets C-1, C-2, C-9 and C-11), Andrx requests that FDA
withhold approval of any pending and fumure ANDAs that do not demonstrate matching two-peak
pharmacokinetic profiles unless the' ANDA applicant demonstrates, through clinical data, that there
are no significant medical differences berween its product and the reference drug.

icePresident & General Counsel
Andrx Pharmaceuticals, Inc.
4001 S.W. 47th Avenue
Fort Lauderdale, FL 33314
(954) 584-0300

cc:  Douglas L. Sporn,
‘ Director, Office of Generic Drugs
Roger Williams, M.D. 4
Deputy Center Director, Office of Pharmaceutical Science
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" ‘Comparison of the Pharmacodynamic
“rofiles of Two Different Long-Acting
Diltiazem Delivery Systems

David H.G. Smith, M.D. and Joel M. Neutel, M.D.

Orange County Heart Institute and Research Center, Orange, CA and
Clinical Investigation Analysis, Orange, CA

Presented at the American Society of Hypertension, Twelfth Scientific Meeting Exposition,
May 27-31, 1997, San Francisco, CA.

INTRODUCTION
v

To attain effective blood pressure control with once-daily dosing, inherently short-acting drugs such as the calcium

channel! blockers rely on a variety of extended release drug delivery systems. In the case of diltiazem, Tiazac® uses a
\/‘ single microbead diltiazem population while Cardizem® CD uses two microbead diltizzem populations to attain 24-hour

blood pressure contrel. The pharmacokinetic profiles resulting from these two delivery systems have previously been

shown to be different (see below) mainly through the 10-16th hour post-dosing period with maximum differences
occurring a2t the midpoint of the 24-hour dosing cycie.

OBJECTIVE
T—

1.+ determine if these pharmacokinetic differences resulted in appreciable pharmacodynamic differences, we conducted

a double-blind, randomized, crossover study comparing the ambulatory blood pressure profiles in mild-to-moderate
hypertensive patients receiving Tiazac 240 mg and Cardizem CD 240 mg .

Pharmaceokinctic Profiles of Tiazac and Cardizem €O
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RESULTS
-v

24-hour ambulatory blood pressure monitoring profiles for both systolic and diastolic blood pressure while taking Tiazac
and Cardizem CD are ilustrated below. For most of the 24-hour dosing interval, biood pressure levels were lower with the

Tiazac preparation.

Systolit 8P (mm Hg)
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Blood Pressure and Heart Rate for Various Components of the 24-Hour Monitoring Period are Tabulated Below

Sysfolic Blood Pressure

10-16th hours post dose
Midgaint of dosing period
Last 4 hours of dosing period
Oaytime meins

N.ghitime meany

Bascline

152,703 2 15.2258
164.275 -~ 17.0050
147 £Q4 < 15 1222
157.834 210.7116
148.041 > 14,2014

Tiazac

143,945 = 13.6193
143.624 £ 16.4525
141.176 = 12.2491
149 875 2 11.6571

141.250£ 123023

Cardizern CO

127.583 z 12.4083
145034 L 12.1027
121,605 = 147116
152 26% = 10,7552
TAZ.E13 £ 12,2740

Tiazac vs Cardizem €O g Value
NS
NS
NS

Diastolic Blood Pressure

saseline Tiazac Cardizem (D Ti323¢ vs Cardicem CO p Vatue
10-16th howrs post dose 94,5039 = 10.4287 87.2483 r5.1474 §5.6183 x §.24N Ll
Midpoint of desing pariod 95.5000 £ 11,3378 86,5285 ¢ 9.7468 91.0584 £ 3.9763 bl
Las2 4 hours of dosirg period 93.7941 = 10.2667 83,1424 £ 11.5250 89.0882 £ 9.8657 NS
Daytime means 100,500 £ 7.37652 93,5740 £ 8,58860 95,7490 = B.4396S NS
Nighttime means 92.1323 £ 9.215V¢ 86.4085 £ 8.53629 87.2512 % 8.47764 N$
Heart Rate Basellne Tiazae Cardizem CO Tiazac v§ Cardizem CD p Vatue

10.16th haurs post Jose
Mipzesnt of Do peensd
Last 4 haars ot doune perad
Caytime means

Nighttime means
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50.6024 = 13 3380
R 2927 - VIASST
3175921 11 0680
822283 £ 13,3905
75.4808 = 11.5801

78.2746 & 14 1185
78.33¢4 * 14.89%1
70.4604 v 10.3236
811012 4 14,0522
73.7908 1 11.6863

78.6234 - 13,3937
7§ 7478 125158
715010 2 124180
S0.9080 £ 13.4514
72.0076 T 110648
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REsqus
v

The treatment sequence changing from Tiazac to Cardizem CD resulted in a 2,6 mm Hg increase in systolic blood
~—2ssure and a 2.1 mm Hg increase in diastolic blood pressure. Changing from Cardizem CD to Tiazac resulted in.an
additional decrease of 4.5 mm Hg in systolic blood pressure and a 2.6 mm Hg decrease in diastolic blood pressure.

Effect of Treatment Sequences on Blood Pressure During the 10-16th Hour Post-Dose Period
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The pharmaéodynamic differences 1n this study were not 2ssociated with any episodes of hypotension, differences in
adverse effects, or heart rate profiles.

CONCLUSIONS
e

These data demonstrate that administering (he same dose of diltiazern with gifferent release systems and pharmacokinatic
profiles results in corresponding clinically important pharmacodynamic acifferences The Tiazac release system produced
gredier 2nd mora consistent bload pressure reduction over lhe 4. hour morulenng ponod than occurred with Cardicem CD
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EXHIBIT B

Qroe-daily

~TI1IAZAC
G (diltiazem HCI)

extondad-rafease capsules
| FOREST LABORATORES BACKGROUNNDERTNOVEL TXTENDED-REL EASE DILTIAZIM
CONTROLS BLOOD PRESSURE OVER 24 HOURS WITH AN EXCELLENT SAFETY
PROFILL . ‘

i o ‘7"’[\»""

FOREST LABORATORIES BACKGROUNDER

Forest Pharmaceuticals, a subsidiary of Forest Laboratories, Inc., is an international health care _
company that develops, manufactures and distributes both branded and generic forms of prescription

drug products as well as nonprescription pharmaceuticals sold over-the-counter to treat a wide range
of illnesses.

Forest, publicly traded on the American Stock Exchange (ASE: FRX), markets products principally
in the United States, in western and eastern Europe, and in Puerto Rico and other Caribbean islands.

Forest markets a broad range of human prescription pharmaceutical products, including Aerobid®,

Lorcet® 10/650, Lorcet® Plus, Flumadine®, Levothroid®, Tessalon®, Esgic-plus, AeroChamber®, -
Cervidil and Tiazac among others. _

NOVEL EXTENDED-RELEASE DILTIAZEM CONTROLS BLOOD PRESSURE OVER 24
'~ HOURS WITH AN EXCELLENT SAFETY PROFILE ‘ o '

Widest Range of Single-Capsule, Extended-Release Dosing Options Available

NEW YORK -- February 9, 1996 -- A novel formulation of diltiazem hydrochloride (TIAZAC)! for
hypertension is now available from Forest Laboratories, Inc. The new, once-daily calcium channel
blocker effectively reduces blood pressure of hypertensive patients over the 24-hour dosing interval
with a side-effect profile comparable to placebo. even when dosed up to 360 mg.

Blood pressure normally varies throughout the day and night and is influenced by the patient's own
circadian rhythm and external stimuli. In hypertensive patients, blood pressure needs 24-hour control

to achieve blood pressure levels that approach treatment goals®. '

Through its unique extended-release, osmotic-driven diffusion system of concentrated diltiazem
beads, TIAZAC delivers smooth 24-hour plasma levels, which are highly correlated with blood
pressure measurements. When properly dosed, TIAZAC provides smooth and predictable 24-hour
blood pressure control. A greater blood pressure reduction is achieved with TIAZAC when blood

pressure is at its highest, yet TIAZAC achieves blood pressure reduction without causing hypotension
during periods of lower blood pressure.

“TIAZAC provided a dose-related diastolic and systolic blood pressurc reduction at each dosage
level," added Gosse Bruinsma, MD, Medical Director at Forest Laboratories. "In a dose-escalation
trial, seven out of ten patients responded to TIAZAC monotherapy when dosed up to 540 mg."

 Inclinical studies, doses of TIAZAC up to 360 mg exhibited a side-effect profile similar to that of the
lower doses. and similar to placebo. Moreover. TIAZAC can be safely dosed up 10 540 mg. In

N faawe ama-assn.orglad-spees/tiazpr.hitm 971599
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clinical trials, absorption of TIAZAC was not affected by food intake: TIAZAC can be taken with or
without food, even high-fat meals.

— "The drug delivers a consistent level of diltiazem well within the therapeutic plasma rangg, as

N

evidenced by the effective 24-hour blood pressure control that diltiazem achieves," added Jeoel

Neutel. MD, Assistant Professor of Medicine and Head of the Hypertension Research Center at the
University of California at Irvine.

TIAZAC, a highly concentrated formulation of diltiazem, enables more drug to be contained inside a
smaller capsule. This unique formulation allows for both smaller capsules for a given dosage, relative
to the same dose of other once-daily diltiazem products, and for five dosage strengths: 120, 180, 240,
300 and 360 mg. This means that TIAZAC offers physicians the widest range of available single-

capsule dosages among oncc-daily diltiazems, allowing for maximum dosing flexibility with once-
daily therapy.

TIAZAC offers a significant savings in monthly treatment costs when compared to other leading
calcium channel blockers. At the most-prescribed, extended-release diltiazem dose level (180 mg),

TIAZAC costs $27.84 for one month's therapy3 compared with Cardizem® CD at $37.00 and Dilacor
XR® at $32.72. .

In clinical trials, TIAZAC showed no clinically significant changes in ECG readings, no increases in
2nd- or 3rd-degree AV heart block and no more than a slight decrease in heart rate. TIAZAC was
well tolerated in clinical trials. No reflex tachycardia is associated with chronic use. The most
commonly reported side effects were headache, peripheral edema, pain, dizziness and asthenia. First-

degree AV-block has been reported infrequently (less than 1%) in clinical trials with other diltiazem
products.

In a major comparative trial of single-drug therapy for hypertension, diltiazem showed blood pressure
control greater than or comparable to that of six other antihypertensives from different drug classes.
African-American patients in the study responded especially well to diltiazem therapy, while
Caucasians responded well to all drug classes (except for a lower efficacy shown with
hydrochlorothiazide in younger whites). »

TIAZAC. as with all diltiazem formulations, should not be used in patients with severe hypotension
(less than 90 mm Hg systolic), patients with acute myocardial infarction and pulmonary congestion
documented by X-ray on admission, patients with sick sinus syndrome or 2nd-/3rd-degree AV block
(unless used with a functioning ventricular pacemaker) and patients who have demonstrated

hypersensitivity to the drug. This drug should be used with caution in patients with impaired kidney,
liver or heart function. - »

Forest Pharmaceuticals, a subsidiary of Forest Laboratories, Inc., is an international health care
company that develops, manufactures and distributes both branded and generic forms of prescription
drug products as well as nonprescription pharmaceuticals sold over-the-counter to treat a wide range
of illnusses. Forest is publicly traded on the American Stock Exchange (ASE: FRX).

1. Full prescribing information enclosed.

2. The Fifth Report of the Joint National Committee on Detection. Evaluation. and Treaiument of
Fligh Blood Pressure. Bethesda. Md: National Heant, Lung, and Blood Institute: 1994, US
Department of Health and Human Services publication NIH 93-1088.

3. Monthly costs determined from January 1996 Drug Topics® Red Book® average wholesale
prices (AWP) of TIAZAC, Cardizem® CD and Dilacor XR® in 90-count bottles.

AWP does not necessarily reflect actual prices paid by consumecrs or pharmacies.
Price comparisons are not intended to imply similar levels of effectiveness.

TIAZ.AC, Cardizem® CD and Dilacor XR® arc BC rated. Bioequivalence between these-
products has not been demonstrated.

g/ soww ama-assiargZad-spees/tiaspr.him SRR
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When switching brands of drugs, additional costs may be incurred for office visits or
monitoring.

Rera 1o Fazae Fome page.
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"FROM : Director, Division of Cardio-Renal Drug Products, HFD-110,
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JAN 30 o2
DEPARTMENT OF HEALTH AND HUMAN SERVICES
FOOD AND DRUG ADIVﬂNISTRA’I’ION Public Health Service
T Memorax-{al—xg T

DATE : January 26.1998
SUBJECT: NDA 20401/ 5007, Contmlled'Release‘Dilﬁazem, Tiazac, Biovail
TO : NDA PFile

Introduction

<

Diltiazem is well known to ba anthypertensive and antianginal In man (here by well known | mean through

dozens of publications In reputable, peer-reviawed medical joumnals as well as through having four other
NDAs approved for the use of ditiazem as an antianginal, or as an antihypertensive, or for both Indications,

or for the treatment of sv.xpmventdcular atmythmlas. each appmval supported by clinical tials). The'
approved NDAs are:

1) NRA 18-602, Immedlate Reloase Dllﬂazam. Cardizem, appmved only for angina, Maron’
Merrell Dow, taken orally three-times-a-day, patent expired,

2) NDA 19-471, Controlled Releasa Ditilazem, Cardlzem SR, appmved Only for hypenenston
Marion Merrell Dow, taken orally twice-a-day, patsnt explres Jan. 26, 2005,

3) NDA 20027, Intravenous Diitlazem, Cardtzam [nJection, epproved only for paroxysmal

- supraventricular tachycardia and parexysmal'atrial flulter/fibrilation, Marion Memal Dow,
Intravenous,

4) NDA 20-082, Controlled Release Dlitiazem, Cardizem CD, approved for angina and
hypartension, Marion Metrell Dow, taken orally once-a-day, paxent expires Jan, 18, 2007 & Mar.
26, 2008,

5) NDA 20-092, Controlled Rslease Ditiazem, Dllacor XR, approved only for hypertenslon,
Rhone-Poulenc Rorer Phanmaceuticals, Inc, taken orally once-~a-day, patent explres June 14
2006. ’

6) NDA 20-401. Controlled Release Dliitlazem,. Tlazao, appmved for hypextension, taken

orally, cnce-a-day. Biovail Corporation International. Patant holder Galephar P.R. ; Inc.
Ltd., expires June 25, 2013. Tlazac was also approved In the United Kingdom In February, 1 996
under the trade name Viazem sR

Bolded names ars Trade Names for tha formulations of diitiazem.

NDAs 1 though & were ful NDAS [505(b)(1)] In that they ware supported by chronic animal toxicology and
animal reproduction studies, as well as manufacturing & controls, In addition to the clinical trlals that were
requisite fot approval. The 4 Marlon Merrell Dow NDAa were supported by the origlnal animal toxicology &

.reproduction data that were submitted with-NDA 18-602. The Rhone-Poulenc Rorer NDA was supported

by chronk: anlmal toxicology & reproduction studlas conducted by

- (On support of an Immediate relsase formulation which . nevar gotto market), by right
to referance. } .
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Hoechst-Houssel deveioped ancther controlied release formulation of diitlazem (the product submitted as
NDA 20-401, Tiazac) that was intanded to control blood-pressure suitably when taksn once-a-day. NDA
20401 (the Hoechst-Roussel Pharmaceuticala NDA) and coitalned the results of studles that clearty
demonstrate that Tlezac I8 not bigequivalent with Inmediate release diltlazem, Cardizem CD

nor Dilacor XA (consequently, although not part of the empirical date, Tlazac would also notbe -
bloequlvalent to Cardizem SR and Cardizem Injaction). Therefore Tlazac could not be approved

as an ANDA (8.9, 505()), sincs k was h\ommatlt\sbbhequtvalantto any of the appraved fonmulations
of dilfazem.

NDA 20-401 was approved in September 1985 as a 505(b)(2) NDA on the basls of clinical trials that
involved 281 patients or nornal volumtaers (133 voluntesrs to characterize the blophannaceuﬂcal
properties of thelr formutlation [B studles] ‘and 148 patfents with hypertenslon that were randomized to one
of two placebo controlled, dose-ranging trals). In December 1985, Blovall obtalned a dght of referenca
for the pharmacologytoiicology data from Hoechst Marion Roussal, 0 NDA 20401 was converted to a
505(b)(1) NDA. This right of referance supports NDA 20~401 and any NDAs or supplemental NDAs

containing the ditiazem formulation that was oﬂglnally submitted to NDA 20-401.

‘Biovail Gorporation Intermational acqulred the manufacturing site (previoustly lmow as Galaphar P R., Inc.

LYd. Galephar, the-owner of the patent for this formulation), now called Blovall Laboratories, and
transferred the ownership of the NDA to them. Blovall Leboratorles manufactures Tlazac, and Forest
Phammacsuticais will be the dlstdbutor. Tlazac Is currently listed In the 1998 PDR under Forast

. Pharmacsuticals name.

The applicant has subm‘rtt'egi a 6 wook randomized, double-blind, placebo-controlled, parallal-group,
dose-ranging clinical trial, This trial randomized 257 subjacts to ona of S arms, placebo, 120 mg, 240 mg,
360 mg, or 540 mg of Tlazac, once-a-day. The primary enhdpolnt was the duration of symptom limited
exarcise at trough, ST segmaént depression was also evaluatsd, diaries for counting angina attacks were
kept and nitroglycerine consumption was recordad. The NDA supplement contalned a full study report
and an electronk data base that contained all varable recordedon casg mport(om'\s

The placebo subtracted Incréasas In exercise time were 12, 27, 19 and 18 seconds for the 120 mg, 240

mg., 360 mg., and 540 mg dosage groups, raspectively. More datalls can be found In the reviews
conducted by Dr.U (eomp!e'tad October, 1897) and Dr. Karkowsky (also completad In October, 1997).

Further detalls relevant to NDA 20401 related to the formulation can be found In my pnevious- .
memoranda. NDA 20-401/3-007 Is appmvahle forusein anglna.

cc: NDA 20401
HFD-110
HFD-110/DRoeder
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Comparisons of the Effects of Different
Long-Acting Delivery Systems on the
Pharmacokinetics and Pharmacodynamics of

Diltiazem

David H.G. Smith, Joel M. Neutel, and Michael A. Weber

The benzothiazepine calcium channel antagonist
diltiazem is a short-acting drug. To achieve
effective 24-h blood pressure control with once-
daily dosing, it relies on various extended drug-
delivery systems that have grown in importance as
a result of the recent reports relating the use of short-
acting calcium channel antagonists to increased
cardiovascular morbidity. This study examines the
Pharmacokinetics and resulting pharmacodynamics
of two different delivery systems, each loaded with
240 mg of diltiazem and administered to 40
moderately hypertensive patients in a randomized,
double-blind cxossover trial. After a 4-week, single-
blind placebo lead-in, patients with a clinical
diastalic blood pressure of 2100 mm Hg were
randomized to either the single or dual microbead
diltiazem delivery system for a 4-week period. At the
end of this period, each subject was evaluated with
24-h ambulatory blood pressure monitoring and
subjected to 24-h inpatient pharmacokinetic analysis
on separate days. This was followed by a similar 4-
week period in which each subject was treated with
the alternative delivery system.

For diltiazem, the area under the curve for
plasma concentration versus time and the

maxdimum plasma concentration attained by the
single microbead system exceeded the values
achieved by the dual bead system by 15% and
25%, respectively. These diffexences were greatest
from the 3rd through the 13th h after dosing.
During this period, both systolic and diastolic ,
ambulatory blood pressure was significantly lower
when the single microbead system was used,
When compared with baseline blood pressure,
blood pressure reductions achieved with the single
microbead system exceeded reductions achieved
with the dual microbead system by at least 2 mm
Hg for 10 of the 24 postdose hours. Heart rates
were slightly reduced but not significantly
different. This improved blood pressuxe control at
higher plasma levels of diliazem suggests that a
more efficient delivery system could provide better
blood pressure control for identical doses of
dilfazem. Am J Hypertens 1999;12:1030-1037

© 1599 American Journal of Hypertension, Ltd.

KEY wORDS: diltiazem, delivery systems,
pharmacckinetics, hypertension, ambulatory BP
monitoring
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iltiazem hydrochlorothiazide is a benzo-
thiazepine calcium channel antagonist
with proved antianginal and antihyper-
tensive efficacy.’® Like most calcium
channel antagonists, it is a short-acting compound and
relies on a variety of slow-release delivery systems to
increase its duration of action and thereby decrease
the dosing frequency.® This role for delivery systems
has become increasingly important in view of recent
reports linking the use of short-acting calcium channel
antagonists to increased cardiovascular morbidity and
mortality.*~® Furthermore, the tendency of adverse
cardiovascular events to cluster in the early moming
hours in association with the circadian blood pressure
surge underscores the need for effective slow-release
drug delivery systems that maintain their antihyper-
tensive effects throughout the dosing interval”
Three separate once-daily formulations of diltiazem
are approved for use by the US Food and Drug Ad-
ministration (FDA) in the treatment of hypertension in
the US.® In chronological order of approval they are
the following: Cardizem CD (Hoechst Marion Roussel,
Inc., Kansas City, MO), Dilacor XR (Watson Laborato-
ries Inc., Corona, CA), and Tiazac (Forest Pharmaceu-
ticals, Inc., St. Louis, MO), Cardizem CD uses a dual
population of microbeads (dual microbead system)

. enclosed within a single capsule.>!® The two popula-

tions of microbeads differ only in the thickness of a
copolymer that surrounds them and controls the re-
lease of diltiazem. Those with a thin coating release
40% of the total dildazem in the first 12 h, whereas
those with the thick coating release the remaining
diliazem during the second 12 h. Thus, there are two
phases to the release of diltiazem. In contrast, Tiazac
uses a single population of microbeads (single mi-
carobead system) with a uniform copolymer coat-
ing.1%12 This allows for the release of diltiazem in one

phase over a 24-h period. Dilacor XR uses a series of

Geomatrix tablets, each containing 60 mg of diltiazem
enclosed within a single capsule.}® Release of dilti-
azem is controlled by different hydration rates for the
faster-hydrating inner core that is swrounded by a
slower-hydrating outer core. A recent trial comparing
the pharmacokinetics of these three delivery systems
in normal individuals has demonstrated that the sin-
gle microbead system provides 24% more diltiazem
than the dual microbead system and 29% more dilti-
azem than the geomatrix system when these systems
are loaded with identical doses of diltiazem.!
Despite the crucial role of delivery systems in im-
parting many desirable features of effective once-daily
antihypertensive agents to intrinsically short-acting
calcium antagonists, clinical trials comparing their
ability to deliver antihypeitensive agents to hyperten-
sive patients have rarely been reported. Furthexmore,
because studies with diltiazem show increased blood
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pressure reduction with increasing plasma drug con-
centrations,!* it is of interest to determine if the phar-
macokinetic differences in different delivery systems
translate into pharmacodynamic differences. In this -
randomized crossover clinical trial, we compared the
pharmacokinetic and pharmacodynamic effects of
240-mg doses of diltiazem delivered alternately by the
single and dual microbead systems to 40 moderately
hypertensive patients. We have shown that the single
microbead system differs from the dual microbead
system in delivering diltiazem and that this translates
into differing effects on the 24-h ambulatory blood.
pressure profiles.

METHODS

This two-site study was conducted at the clinical re-
search facilities of the Orange County Heart Institute
and Research Center, Orange, CA, and Memorial Re-
search Medica) Clinic, Long Beach, CA, in compliance
with FDA guidelines for good dinical practices.!® The
design was that of a placebo run-in, double-blind,
randomized crossover trial involving 40 moderately
hypertensive patients. This straightforward design en-
abled patients not only to serve as their own controls
but also to be exposed in randomized sequence to both
diltiazem preparations altemnately. This provided suf- -
ficient statistical power to detect differences between
the two preparations with 40 patients.

After signing a written informed-consent form,
completing a baseline medical history questionnaire,
and receiving a physical examnination, eligible patients
were weaned from their existing antihypertensive
medication for a 4-week single-blind placebo lead-in
period. Eligibility required an age of 18 years or older
with a diagnosis of uncomplicated moderate hyper-
tension. Women of childbearing potential used medi-
cally acceptable methods of birth control and exhib-
ited a negative pregnancy test at the start of the study.
All participants were devoid of uncontrolled or unsta-
ble medical conditions that would have affected drug
absorption or their ability to participate in the study.

During the last two weekly visits of the 4-week
placebo lead-in period, patients with a mean seated-
office diastolic blood pressure between 100 and 114
mm Hg were subjected to 24-h ambulatory blood pres-
sure monitoring (ABPM) with 2 Spacelabs 90207
ABPM device. Ambulatory blood pressure was re-
corded at 20-min intervals between 6:00 Am and mid-
night and at 30-min intervals between midnight and
6:00 aM. In addition to the office blood pressure re-
quirements, the mean daytime (8:00 aM to 4:00 rm)
diastolic ambulatory blood pressure had to be > 90
mm Hg for patients to be eligible for randomization.
Thus, both office and ambulatory blood-pressure cri-
teria were used to establish hypertension. Throughout
the study, medication was taken at 8:00 aM % 30 min.

Ko019/027
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TABLE 1. BASELINE AND TREATED OFFICE AND 24-H A_\IPI '
RATE MEANS (MEAYN -

Baseline Single Microb:

Office _

Systolic BP (mm Hg) 153.0 = 11.8 1533 = i

Diastolic BP (mun Hg) 103.6 = 4.6 974 =

Heart rate (bpm) 74180 ERE-
24-h ABPM

Systolic BP (mun Hg) 151.7 = 12.2 IC ST

Diastolic BP (mm Hpg) 953 =80 EET

Heart rate (bpm) 780 = 12.1 7Aor oz

BP = blood pressure (mm Hg); bpm = beats per minute,
*P < .01 v. bascline.

Patients fulfilling the criteria for randomization re- tem and warx
ceived daily doses of 240 mg of diltiazem, delivered = As with the firsr .
by either the single or the dual microbead delivery to last and last =~
system for the first 4-week period. On the third to last jected to 252 an
day of this period, they were again subjected to am~ and 24-h Phall"\_“
bulatory blood pressure monitering, and on the last Comgpietion of
day of the period they were admitted te an inpatient study. All subez:.
facility for steady-statc pharmacokinetic evaluations.  amination, zn =

During the 24-h pharmacokinetic evaluation period, ment with apz:.
patients remained in a semirecumbent position and
were fed three standard caffeine-free mieals. On com-

. mencement of this period, an indwelling intravenous Ambulzatory ™
catheter and heparin lock were inserted into an ante- pharmacokinec.
cubital vein for serial pharmacokinetic blood sampling  release deliver:-
of each patient. This occurred first at the time of dos-  that difference:
ing (8:00 AM, or time zero) and then at hourly intervals by the single 2
for the next 16 h. The last two samples were collected  est between =2
at the 20th and 24th h after dosing for a total of 19 sample sizes in
blood samples per patient (0, 1 to 16, 20, and 24 h). differences in .-

Blood sampling for pharmacokinetic analysis in- tween the 10w o
valved the collection of 10 mL blood into a prechilled  of 80% at & &
10-mL Vacutainer tube containing tripotassium EDTA.  .05. Of furthe: e
After mixing by several inversions, the sample was .reducton at the
centrifuged at 3000 g for 5 min at 5°C. After this, 4 mL
of plasma was removed from the sample with a pipet, =~ TABLE 2. PHARM
placed in a prechilled polypropylene tube, and frozen =~ 240 mg DILTIAZF
immediately in a dry-ice isopropyl alcohel bath. The DLAL Mic:..-
sample was immediately transported in dry ice to 2
—70°C freezer where it was stored in an upright po- Compoure
sition for later analysis. All plasma samples were fro- .0

set s - . ubazem
zen within 15 min of collection. Each polypropylene ALC (g - =
tube was labeled with only a single code number that o7 —
corresponded to the patient number, study visit, and SO S
time of blood sampling. The samples were ther Des’ﬁet."')’;"".u =
shipped on dry ice to the Bioanalytical Laboratory at
Forest Laboratories in Farmingdale, New York. Sam-

P

ples were analyzed by high-pressure liquid chroma- Toax

tography for concentrations of diltiazem, desace- - D?S‘}Sef.‘/"‘“"-g _

tyldiltiazem, and desmethyldiltiazem. ALC e 2 -
On completion of the first pharmacokinetic evalua- <= '77 7

tion period, all patients had their respective srudy A

medication switched to the alternative delivery sys- P "0~
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s 8 3
wn n
e i

plasma dlitlazem concentration (ng/miL)
1]

75 Yrp—r

1 2 3 4 5

6 7 B 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24
hours post dose

- ™ - m— —

[~~dual microbeed system —@=singlc micrabead system |

*:p<0.01; +:p<0.05

systems. *P < .01; *P < .0S.

‘tion of the differences between the 24-hourly blood
pressure means was also made. A priori, these differ-
ences were considered clinically meaningful when
they exceeded 2 mm Hg. Additional ambulatory
blood pressure monitoring endpoints included the
24-h, daytime (8:00 aM to 4:00 PM), nighttime (4:00 pM
to 8:00 PM), and last 4-h (4:00 aM to 8:00 aM) means.
Finally, an evaluation of ambulatory blood pressure
mean differences was made for the period when
© plasma diltiazem concentrations between the two
treatment groups differed significantly in this study.

Pharmacokinetic Evaluation The principal param-
eters describing the bicavailability of diltiazem and its
metabolites at steady state were derived from plasma
_ concentrations. This involved determination of the
area under the curve (AUC ) for plasma concentration
versus time, maximum plasma concentration (Co,,)-
and time of maximum plasma concentration (T..)-
The AUC was calculated by a numerical integration,
using the linear trapezoidal rule.

Adverse Events At each visjt during the study the
occurrence of adverse events was recorded. An ad-
verse event was defined as any pathologic or unin
tended change in anatomic, physiologic, or metabolic
function as indicated by changes in symptoms, phys-

phase of the clinical bial.

Statistics All data were analyzed by the statistical
analysis system. Statistical procedures appropriate for

ical signs, or clinical laboratory results during any -

FIGURE 1 Mean steady state plasma concentrations of 240 mg of diltiazem when delivered via single and dual microbead delivery

crossover design were used to analyze ambulatory
blood pressure monitoring parameters. Statistically
significant treatment differences were set at o = .05.
Individual hourly blood pressure differences were re-
garded as clinically meaningful when they exceeded 2
mm Hg. Demographic and safety variables were an-
alyzed statistically by one-way ANOVA, x* and
Fisher exact tests with a significance level set at « =
05.

RESULTS

Demographics Forty patients (7 females) completed
the randomized crossover phase of the study. The
population consisted of 23 white, 9 black, 6 hispanic,
and 2 asian people. The average age was 51.5 years.
Mean height and weight were 1.75 m and 89.1 kg,
respectively, resulting in a mean body surface area of
2.05 m%

Overall Blood Pressure Changes Table 1 shows the
comparison of baseline and treatment averages for
both the final office and 24-h ambulatory blood pres-
sure. Diltiazem delivered by either system reduced
the diastolic blood pressure significantly with no
changes in pulse rates.

In contrast with the comparison of office blood pres-
sure means, comparison of 24-h ambulatory blood pres-
sure averages also detected significant systolic blood
pressure reductions achieved by both delivery systems.
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FIGURE 2. Ambulatory blood pressure profiles at baseline and after dosing with 240 mg of diltiazem delivered via single and dual

microbead delivery systems.

Pharmacokinetic Profiles The pharmacokinetic pa-
rameters for the two delivery systems are shown in
. Table 2 for plasma diltiazem and its two major metabo-
lites, desmethyldiltiazem and desacetyldiliazem. The
AUC, Cpy and Ty, for diltiazem were significantly
greater when delivered by the single microbead system.
The AUC and C,,, values exceeded those attained by
the dual microbead system by 15% and 27.5%, respec-
tively. Desmethyldiliazem AUC and C,,., produced by
the single microbead system were also higher than those
produced by the dual microbead system by 15% and
23.3%, respectively. No differences were noted in
desacetyldiltiazem parameters.

Concentration versus time curves for plasma dil-
tiazem are depicted in Figure 1. From the 3rd to the
13th h after dosing, the single microbead system
produced significantly higher diltiazem levels
(38.7%, on average) than the dual microbead sys-
tem. Conversely, at 20 and 24 h after dosing, dilt-
azem levels achieved with the dual microbead,sys-
tem exceeded those of the single microbead delivery
system by 27.5%.

Ambulatory Blood Pressure Profiles Systolic and
diastolic 24-h ambulatory blood pressure profiles are
illustrated in Figure 2. Generally, the single microbead
system reduced blood pressure to a greater extent
than the dual microbead system. Pulse rates were
similar in both groups. However, on the basis of pre-
vious pharmacokinetic studies,'? we focused on blood
pressure differences between the 10th and 16th h after
dosing as the primary endpoint of this study. Com-
parisons of these differences together with others dur-
ing the 24-h dosing interval are shown in Table 3. For
the 10th through 16th h after dosing, as well as for the
midpoint of this period, the single microbead delivery
system produced significantly lower systolic blood
pressure than the dual microbead system (143.9 v
147.6 mm Hg; P < .05 for h 10 to 16; 143.6 7 149.0 mm
Hg; P < .05 for the midpoint of this period). Similarly,
diastolic blood pressure was also significantly lower
at the midpoint period (86.5 v 99.1 mm Hg; P < .01).
Diastolic blood pressure between the 10th and 16th b
postdose also tended to be lower with the single mi-
crobead system (P < .1).
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TABLE 3. AMBULATORY BLOOD PRESSURES FOR VARIOUS TIME PERIODS OF THE DOSING INTERVAL

Single Microbead Dual Microbead

al Pharmmacokinetic and Hemodynamic Differences sjderably from those occurring during the placebo

Differences in plasma diltiazem concentrations be- lead-in period. The majority of adverse events were

tween the single and dual microbead systems together judged to be unrelated to treatment. However, four
d with the corresponding hourly differences between patients experienced adverse events deemed to be re-
re the blood pressure effects (compared with baseline) . lated to treatment. For the single microbead system, one
d produced by the single and dual microbead systems patient had a headache and one had tachycardia; for the
n are depicted in Figure 3. The single microbead system  dual microbead system, one had a headache and one
re produced howrly blood pressure mean reductions experienced insomnia. Aside from the insomnia (which
oy from baseline that exceeded those achieved with the was moderate in severity) all other adverse events were .
2 dual microbead system by at least 2 mm Hg for sys-  mild and no therapeutic actions were taken. None of the
or tolic blood pressure ath 2,6,7,9-11,13-15,17,19,and  delivery systems produced an instance of hypotension
- 20. A similar pattern was observed for differences and none were associated with a serious adverse event.
- between the diastolic blood pressure reductions from  Throughout the study, no important changes occurred
or baseline produced by the two delivery systems. Re- in the results of electrocardiographic tracings, chemistry
he ductions in hourly diastolic blood pressure produced tests, or hematology tests. Thus, both delivery systems
Iy by the single gﬁgobead ljys:;.en:\ em:et':clc;i1 ;ho;egpﬁ- were equally well talerated. .

duced by the dual microbead system at h 4-7, 9-11,
33 13, 15, aﬁd 17 after dosing; the reverse occurred at h DISCUSSION ; -
m 19, 20, and 24 after dosing. Thus, the single microbead Having compared identical doses (240 mg) of dilti-
ly system provides blood pressure-lowering advantages azem delivered to hypertensive patients by different
'e; - over the expanded part of the dosing interval when delivery systems, this study has shown that the single
1). compared with the dual microbead delivery system: microbead delivery system can impart favcra.ble phaz-
h postdose h 4 to 17 versus postdose h 19, 20, and 24. macokinetic and pharrna@dynamic properties to dil-
ai- However, both systems maintained anthypertensive tiazem. This could be an important finding in the use

1

: Baseline _ System* . System*
; Systolic BP {mm Hg)

10th~16th h postdose 152.7 £ 152 1439 = 13.6t 1476 =124
10th~16th h midpoint 1543 = 170 143.6 = 16.5¢ 1490 = 13.1
3rd~13th h postdose 156.1 = 11.6 147.6 £ 11.9¢ 150.6 = 103
H Last4h 1474 = 15.1 141.2 2122 1416 £ 147
"i Daytime means 157.8 = 107 1499 £11.7 1523 = 10.8
i Nighttime means 148.0 = 142 1413+ 133 1428 +129
v Diastalic BP (mm Hg)

: 10th-16th h postdose 94.5 £ 104 872+ 8.1 §9.6 9.2
i ~ 10th~16th h midpaint 955 £ 113 86.5 = 9.7 91.1 =210.0
2 3rd-13th h postdose 98.1 %79 90.9 £ 8.5t 93585
§- Last4 h 93.8 * 103 89.1 115 88.1%99
3 Daytime means 1005 £ 74 93.6=856 95.7 = 8.4
: Nighttime means 92192 %4285  ®3=85
i * Blood pressure (BP) of single and dual microbead systcm bath sxgngﬁamtly dxﬁmu‘ Sfrom baszlmz

i tP=.053iP=.0P=.01 nnglemicrobendsysten:de"ucmbmdsystem -

v

In this study, plasma diltiazem levels between the
3rd and 13th h after dosing were significantly higher
with the single microbead system than with the dual
system (Figure 1). During this period, both systolic
and diastolic ambulatory blood pressure was signifi-
cantly lower when patients received diliazem by the
single microbead system. Plasma diltiazem levels
were higher with the dual microbead system at h 20
and 24 after dosing, but there were no significant differ-
ences in blood pressure between the two systems during
the last 4-h period of the dosing interval (Table 3).

effects throughout the dosing interval as indicated by

the lqwer blood pressure attained dunng the last 4 h
(Table 3).

Although the single microbead system produced
higher plasma diltiazem concentrations, it did not’
result in an increased frequency of adverse events
when compared with the dual microbead system. One
or more adverse events were reported by 14 of the 40
patients. These included headache (most common),
tachycardia, leg cramps, somnolence, pharyngitis, rhi-
nitls, and urinary tract infections. These adverse
events did not differ substantially when comparing
the different delivery systems, and did not differ con-

of diltiazem to treat hypertension in view of the fact
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FIGURE 3. Differences between plasma diltiazem concentrations (Top) and blood pressure reduction from baseline produced by the
single microbead and dual microbead delivery systems. SBP = systolic blood pressure (Ceuter); DBP = diastolic blood pressure
(Bottomy); Delta = differences between delivery system deltas (single bead system-dual bend system). *P < .05. ~ Difference between

delivery sysiems exceeds 2 mm Hg.

that a more intensive approach to lowering blood
pressure to desired levels is advocated—espedially if
concomitant cardiovascular risk factors are present.!
These data also indicate that when dosing with iden-
tical doses of diltiazem, the single microbead system
produces significantly higher concentrations of dilti-
azem for almost half (11 of 24 h) of the once-daily
dosing interval. This resulted in significantly lower
systolic and diastolic blood pressure for this period of
the dosing interval. Furthermore, when compared to
the baseline blood pressure, blood pressure reduc'dogs
achieved with the single microbead system exceeded
reductions achieved with the dual microbead system

:

by at least 2 mm Hg per hour for 10 of the 24 postdose
hours. Consistent with this finding, the single mi-
aobead delivery system produced significantly higher
plasma diltiazem AUC and Cy,,, levels, suggesting that
the single microbead system confers superior bicavail-
ability of diliazem compared with the dual microbead
system. Also in this study, the treatment sequence
changing from the single microbead system to the dual
microbead system resulted in a 2.6-mm Hg increase in
systolic blood pressure and a 2.1-mm Hg increase in
diastolic blood pressure, Changing from the dual mi-
crobead system to the single microbead system re-
sulted in an additional decrease of 4.5-mm Hg in
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systolic blood pressure and a 2.6-nun Hg decrease in
diastolic blood pressure.

This study also illustrates the pivotal rele of ambu-
latory blood pressure monitoring in determining dif-
fering pharmacodynamic effects of antihypertensive
agents. Although trough office blood pressure and
simple 24-h mean blood pressure measurements were
unable to distinguish between pharmacodynamic pro-
files of the two delivery systems an analysis of the
hour-by-hour blood pressure profiles provided by am-
bulatory biood pressure monitoring was.

Diltiazem remains an effective agent for the treat-
ment of hypertension.’? In the Department of Veter-
ans Affairs Cooperative study,'”"** which assessed the
efficacy of six antihypertensive agents in controlling

high'blood pressure in men, diltiazem had the highest

success and compliance rates after 12 months of treat-
ment. Also, this study revealed that higher doses of

" diltiazem (300 to 360 mg) were associated with greater

blood pressure response rates than an angiotensin

-converting enzyme inhibitor, f-adrenergic blocker, or

diuretic therapy. These doses of diltiazem are higher
than the recommended once-daily starting dose of 180

or 240 mg, suggesting that initiation doses of diltiazem

should be more readily uptitrated for maximum ef-

- fects in hypertensive patients without underlying

cardiac disease. Other studies have found a well-
tolerated dose-respanse to 540 mg*® as well as anti-
hypertensive efficacy in severe hypertension.?! These
findings of improved blood pressure control at higher
doses of diltiazem suggest that a more efficient deliv-
ery system could provide better blood pressure con-
trol at identical doses of diltiazem. Furthermore, be-
cause of differences in microbead size, the single
microbead system provides a maximum per-capsule
dose of 360 mg, compared with the 300 mg per capsule
of the dual microbead system.

This study has demonstrated a close dependency of
the hemodymamic effects of diltiazem on its plasma
concentration. It has also identified pharmacokinetic
and clinical disparities produced by different formu-
lations of this antihypertensive agent. The diltiazem
single microbead system appears to enhance bioavail-
ability and efficacy. ’
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October 1, 1999

| Dr. Janet Woodcock, Director

Center for Drug Evaluation and Research
Food and Drug Administration

ATTN: Document Control Room

Metro Park North II -~ Room 150

7500 Standish Place

Rockville, MD 20855

RE: Citizen Petition Docket Number 98-0145

Dear Dr. Woodcock:

This letter is being provided in support of the Citizen Petition of Andrx
Pharmaceuticals, Inc. regarding the need for further agency consideration of the
requirernents for controlled-release diltiazem products.

As one of the original preclinical and clinical investigators on diltiazem back in
the late 70s and early 80s, it became clear that specific formulations can affect the
delivery of the active molecule differently. We first noted 2 dose dependency in
absorption in 1982 prior to the development of any of the sustained-release
diltiazem products. Subsequently, three products were developed, all of which
utilized a different delivery mechanism. Simiiarly, and for good reason, all of
these products were listed as “BC” products by the FDA. This differentiation in
therapeutic response associated with different formulations can have clinical
impact, as noted in the February, 1994 Board of Pharmacy newsletter from the

_state of South Carolina. In this situation, rena!l transplant patients that were

receiving a sustained-release diltiazem formulation to both prevent renal toxicity
and raise Cyclosporin levels, received a substitute formulation. Following the
“generic substitution,” four of these patients ended up back in the hospital and had
to be retitrated. This situation provides a clear example of what can happen when
one sustained-release diltiazem formulation is substituted for another.

In reviewing this bioavailability data, | would also encourage you to look at the
number of patients that have their serum levels drop below 40-50 nanograms/m]
during the 24 hours following dose. When [ stipulated 40 nanogram/ml as the
minimal effective concentration and evaluarted bicavailability studies, I found a
significant difference in the nurgber of patients who were able to stay above that

an eyl epponunny institgiion
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therapeutic level with the different “BC"-rated formulations that are currently
available. In my experience, this therapeutic MEC provides a reasonable rule of
thumb for patient response. Thus, for a formulation to be considered equivalent,

it should maintain serum levels in this range over 24 hours as compared to the
reference standard.

In summary, in the same manner in which the FDA considers Tiazac and
Cardizem-CD to not be therapeutically equivalent, a “one-peak™ diltiazern
formulation should not be considered therapeutically equivalent to a “two-peak”
formulation.

Sincerely,

/ M//A’

Robert W. Piepho, Ph.D., FCP
Dean and Professor




